Construction sites are accident-prone locations and therefore safety management plays an important role in these workplaces. This study presents an adaptive algorithm for performance assessment of project management with respect to resilience engineering and job security in a large construction site. The required data are collected using questionnaires in a large construction site. The presented algorithm is composed of radial basis function (RBF), artificial neural networks multi-layer perceptron (ANN-MLP), and statistical tests. The results indicate that preparedness, fault-tolerance, and flexibility are the most effective factors on overall efficiency. Moreover, job security and resilience engineering have similar statistical impacts on overall system efficiency. The results are verified and validated by the proposed algorithm.
Introduction
Construction sites are accident-prone locations and therefore safety management plays an important role in these workplaces (Sacks et al., 2009) . Resilience engineering (RE) is a factor that makes senses in a construction site as a high-risk organization (Wehbe et al., 2016) . Resilience engineering enhances preventive safety, leads to a more reliable system performance in emergency state and increases the system flexibility when accidents occur. Also, job security has a psychological effects on employees' performance and enhances their efficiency (Reisel et al., 2010) .
Resilience engineering
Resilience Engineering (RE) is a main key in safety management and has a firm relation with human factors. In the literature it has been defined as the ability of a system to keep or restore quickly to its normal function when an unexpected change or failure occurs (Woods & Hollnagel, 2006) . Resilience engineering can impede the sudden incidents and mishaps (Dinh et al., 2012) , while safety is defined 24 in RE literature as the ability of industries to deal with disruptions and fluctuations. Although the attention of RE to normal condition work environment, it emphasizes more on learning from accidents and unexpected disruptions (Saurin & Junior, 2012) . In a resilient system, six indexes are introduced that have special meaning in different types of organizations. These identifying areas are listed below (Wreathall, 2006) :  Top management commitment (TMC): Refers to a factor of RE that consider the management's emphasis on recognition of the disruptions and the effort to solve them (Wreathall, 2006) . The importance of good performance is determined as a commitment in the organizations that management is responsible to make it.  Reporting culture (RC): It demonstrates a rate of the report that workers share with managers about the problems and failures in the organization. RC helps to recognize the cause of problems and to enhance resilience of the systems (Wreathall, 2006) .  Learning: RE considers learning on two aspects of normal work and disturbance condition in an organization (Wreathall, 2006) .  Awareness: By data collection, management identifies the quality of performance and also workers will be conscious of the current status in the overall system (Rasmussen, Pejtersen, & Goodstein, 1994) . Awareness can help to assess and evaluate the future failures would be occurred in the organization.  Preparedness: It identifies as the ability of organizations to predict the problems and make preparation to deal with them (Wreathall, 2006) . Flexibility: A flexible system can adapt to unexpected events or new problems and helps the organization to solve problems without making the overall system dysfunction (Rasmussen et al., 1994) .
Integrated resilience engineering
In addition to the factors listed above, four indexes are introduced for complex systems and hazardous incidents (Azadeh et al., 2017a) . These indexes are as follows:
 Self-organization: It focuses on decentralized decision-making so that any units can plan and operate independently and when an accident occurred the authority is given to any units to decide without going through the orders of a hierarchical decisions (Plowman et al., 2007) .  Teamwork: This item implies the capability of the system for working as a team and sections are aware of each other's with mutual support which causes decreasing in the workload (Burtscher & Manser, 2012) .  Redundancy: It is the foresight of the system to consider extra resources and alternatives to encounter emergency states when some facilities or human resources are unavailable (Frangopol & Curley, 1987) . Fault-tolerant: It means if some components or operators of system confront a disorder, system can operate continuously in a proper manner (Domínguez-García et al., 2008) .
Job security
Job security is one of the most important factors in human resource management (HRM) which depends on personnel capacity, employment status, economic situations and etc. When a person can keep his or her job in future, he/she has job security and there is a low risk of becoming unemployed . Job security is taken for psychological situations that workers treated differently against the possibility of continuing their work with an organization (Loi et al., 2011) .
Construction project management
There are many problems in management of construction projects due to complexity in their environments. Therefore, much attention has been paid to it for achieving the efficiency in cost, time, safety, and quality (Fewings, 2013) . Design, Planning, coordinating, and balancing schedule, time, cost, domain, and maintenance are the stages of construction project management (Siang & Yih, 2012) .
Human resource management is an important factor in project management (PM). Individual skills, teamwork, and leadership are significant properties for project management (Fewings, 2013) , so it is essential to focus on assessment and evaluation of personnel's performance and efficiency. Also, safety management plays an important role in construction project management. The activities such as prevention of accidents and implementation of safety management can help to reduce accidents that are an integral part of the construction project (Fewings, 2013) .
This study presented an adaptive algorithm for evaluation of the efficiency for each decision making unit (DMU) in project management field. In this paper the efficiency has been evaluated based on RE factors and job security for each DMU that are taken for operators of project. The research has been done by questionnaire design and then, data collection from the questionnaire has been distributed among the project managers in a large construction site in Iran. To predict the effect of RE and job security on the efficiency of DMUs from collected data, ANN algorithm has been utilized and then by doing the sensitivity analysis, the effects of each factor on the efficiency scores of operators have been illustrated.
Literature review

Job security
The workforce has a significant role in the assessment of the efficiency in project management and human resource management field. Recent studies have been focused on identifying factors affecting on the performance of operators in different industries with respect to work motivational factors (WMF) like job security. Azadeh and Ahranjani (2014) analyzed the impact of human factors such as job security, job satisfaction and job stress on the evaluation of the performance through data envelopment analysis (DEA). The assessment of workplace clarified that workers' concerns about their job security impacted on their health behaviors (Turner & Lingard, 2016) . presented an adaptive algorithm to evaluate workers' performance based on two factors which are job security and HSEE. They considered HSEE as an input and job security as an output of the algorithm; job security was measured due to HSEE and then used for analyzing the performance of operators. Blader and Tyler (2009) focused on workers' conception of job security which is a significant item in preservation of a positive social personality. They claimed that job security makes the employee interested in the development of the organization and will be effect on their opinion about the obligation on organization profitability. Ma et al. (2016) studied the individual differences on the relevance of organizational identification, job security, and work performance. They mentioned that while workers are concern about their employment, they can't do their duties well because of stressful state; based on previous studies the positive relation has been explored between these two factors by (Cheng & Chan, 2008; Reisel et al., 2010; Staufenbiel & König, 2010) .
Resilience engineering
To the best of our knowledge few studies discussed RE concepts in the construction project. In one study, Wehbe et al. (2016) distinguished the relation between resilience and construction safety management for performance and risk assessment by using social network analysis (SNA) in safety networks. While only resilience was analyzed in this study and there is no discussion about RE and its factors.
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Recent researchers studied and analyzed RE factors in different fields. RE concepts are discussed in literature. An study on recognizing the challenges and constraints in the method of building resilience engineering and its adaptive ability has been performed by (Shirali et al., 2012) . They categorized RE factors in nine classes in a chemical plant.
Several studies focused on assessment of safety management with respect to RE. Saurin and Júnior (2011) presented an improvement of an approach for evaluation of health and safety management systems (HSMS) in an electricity distributor. Costella, Saurin, and de Macedo Guimarães (2009) introduced an approach to assess health and safety management systems from RE viewpoint with considering three main aspects of health and safety (HS) and effect of four indexes of RE on HS.
The impact of RE factors on Human resource management (HRM) and performance assessment is one of the areas that have been considered in recent studies. Azadeh and Zarrin (2016) proposed an algorithm for evaluation of performance and analysis of HRM with respect to three concepts including RE, HSEE, and WMF that implemented in a petrochemical plant. In a recent studies, Azadeh et al. (2017b) presented an intelligent algorithm for performance evaluation of IRE and lean production principles in a pipe manufactory. In different case studies, RE is implemented in sea fishing and the relationship between RE and safety management was investigated and efforts made to decrease the accidents et al., 2009). Azadeh et al. (2015) used RE for improvement job satisfaction in hazardous labs. Ray-Sannerud, Leyshon, and Vallevik (2015) provided a framework for healthcare workers' performance as an index for proactive safety management systems by RE.
In this study, for the first time, ten factors of integrated RE beside one of the work motivational factors, namely job security are used to assess project management in a construction site. A comparison of significant features of this study and recent researches in this scope is summarized in Table 1 .
Table 1
The comparison of this study with similar studies in this area 
Methodology
In this study for assessment and measurement of the efficiency among project managers with respect to RE factors and job security, an adaptive intelligent algorithm (an ANN-RBF algorithm) was presented. To demonstrate the effectiveness and preference of the algorithm, a large construction site is selected as a case study. By questionnaire design and data collection, obtained data for ten factors of RE was defined as inputs. Outputs of the algorithm are collected data for job security factor. Then the adaptation of actual outputs and ANN output was checked by this algorithm and the efficiency of DMUs was calculated. ANN is a skilled algorithm to explore uncertainty and noise. Eleven steps which are explained in the following should be run to attain the objective of this algorithm. Fig. 1 shows the flowchart of the intelligent algorithm for evaluation of project management with respect to job security and RE. Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7
Step 8
Step 9
Step 10
Step 11
Yes No
Fig. 1:
The flowchart of intelligent algorithm with respect to job security and RE
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Step 1. Questionnaire design and data collection
The questionnaire contains 22 questions about RE factors and job security (2 questions for each factor) and for each question, a continuous score among 1 to 20 has been considered. Also in the questionnaire has not asked the name of personnel and only general information like as gender, age, education and work experience are gathered. Then these questionnaires are distributed among the project managers in different departments of a construction site. The samples of questions for each factor are presented in Appendix 1.
Step
Reliability and validity test of questionnaire
The capability to produce the same results in different cases is called reliability of the questions. For evaluating the reliability of the questionnaire, Cronbach's Alpha should be calculated for all questions.
Since the questionnaire has been confirmed by experts, there is no need to do the validity test by factor analysis.
Step 3. Conceptual framework of the model
In this step the input and output variables of the model are determined.
Collect data set S for all personnel
It explains that the relationship between inputs and outputs for operators that in this study are considered as DMUs should be assessed. Then S is divided into 2 subsets: train data (S1) and test data (S2).
Step 5. Use the algorithm to estimate the inputs-outputs relationship  For ANN choose architecture and training parameters.  Use train data (S1) for training the model.  Use test data (S2) for evaluation of the model.  Repeat above steps by using new architecture and training data for ANN.  For the learned algorithm, the relative error (MAE 1 ) must be determined. If MAE ≤ 0.20, then go to the next step; otherwise it shows that there aren't major variations among operators according to skills, experience, and education and therefore distribution of questionnaire among more operators is needed.  With respect to minimum MAE on the test data sets, adjust the best structure of the network (ANN*).
Step 6. Run ANN* for all operators.
Step 
Step 8 It is done to determine the effect of one of the unique attribute of the algorithm that is called the largest positive error:
This formula computes the largest error due to the operator scale (Constant Returns to Scale (CRS)). The largest ′ that demonstrates the best operator in performance, is recognized for achieving this end. The kth operator is considered as the largest ′ and therefore
The shift value is calculated by the following formula and it is different for each operator:
In this method the scale effect of the operators on efficiencies is considered. Also, the selected unit for correction is chosen according to its scale (CRS).
Step 9. Calculate total efficiency scores due to job security and RE
The efficiency scores can take a value between 0 and 1. The selected unit for correction is where the maximum score is assigned to it (Azadeh et al., 2017b) .
Step 10. Perform sensitivity analysis for factors to determine the effect of each factor on efficiency scores by ANN.
For identification of the effect of factors, this step should be implemented. It is done by deleting each factor and run ANN without this factor.
Step 11. Calculate the percentage of the effect of each factor on efficiency.
Experiments
A large construction site in Tehran, Iran is selected as a case study for implementation of the proposed approach. The entire project consists of the commercial sector, bridge and road, two office towers, parking, two hotels, and banquet hall. The project was started in 2011 with about 7000 human resources which is one of the largest construction projects in terms of extent in Iran. The construction site is a high-risk workplace with much noise and uncertainties. It seems that RE can play a key role for assessment of project management in this place. Also, because of the project-based structure of construction site, job security is taken for as an important factor. The questionnaires were distributed in bridge and road construction site among 50 operators in some sectors such as the executive section, QC management, construction surveying, project control and administrative unit and then we asked them to answer the questions and grade them based on continuous whole number 1 through 20. Finally, 35 questionnaires were returned that the details of the respondents' information are reported in Fig. 2 . Among the questionnaire respondents, about 83% are male and 25-40 years old. They have included all level of work experiences almost similar to each other's. The majority of them have B.s degree educational level. The work time in this workplace is more than usual and 88% of operators have worked more than 8 hours in a day.
Fig. 2. The demographic details of correspondents
Reliability test and T-test
To test the reliability of the questionnaire, calculation of Cronbach's alpha for each factor that including 10 factors of RE and job security as well as total data are required. If the calculated value for α is greater than or equal to 0.7, the reliability of questions will be accepted (Cronbach, 1951) . In this study the value of α for all factors was greater than 0.7 and none of them were removed. In Table 2 , the Cronbach's alpha of each factor is presented.
For comparing the means, independent two sample t-test have been used in Minitab for each factor and the p-values of all factors have been obtained greater than α=0.05 , indicates that there is no reason to reject H . The result of the test is given in Table 2 . The minimum, maximum and mean of collected data were calculated for each factor and reported in Table 3 . 
Results and analysis
For assessment of project management with respect to job security and RE factors, an adaptive neural network algorithm is developed. In the following the main steps of algorithm are mentioned.
Step 1. At first, the average of data set for each factor that are given in Appendix 2 was determined as the output and input variables. Job security was considered as an output and RE factors were the inputs of the algorithm.
Step 2. Then the best structure of the ANN-RBF algorithm was chosen by changing the spread and maximum number of neurons. The lowest MAE was obtained from the minimum average of five runs for each structure. The results are shown in Table 4 . Step 3. The optimum structure was set for the algorithm for assessment project management with respect to job security and RE. Then run ANN-RBF and output of ANN was obtained for each DMU. According to the algorithm, the total efficiency scores of DMUs were calculated. The obtained efficiency scores are presented in Table 6 .
Step 4. Sensitivity analysis was performed on efficiency scores of each factor. This step was done by emitting individual factors and running algorithm without these factors to determine the effect of each factor on total efficiency. The results of this step are given in Table 6 .
Step 5: The impact of each factor on total efficiency was checked by t-test in Minitab. Paired t-test is applied between obtained efficiency scores before and after elimination of each factor. If the p-value is lower than 0.05, the hypothesis will be accepted and shows that elimination of the factor has no significant effect on total efficiency. The positive or negative impact of factors is determined by comparison of the average of total efficiency scores before and after elimination for each factor. The result of t-test is presented in Table 5 . Based on the results shown in Table 5 , among 11 factors that are considered in integrated model, Awareness has a significant positive effect on total efficiency score. Step 6: Sensitivity analysis is implemented by calculating the difference between the average of total efficiency score before and after elimination of each factor from the model. In this step the percentage of the impact of each factor on total efficiency score is calculated by the following equation:
The calculated weight of factors from sensitivity analysis are presented in Fig. 3.   Fig. 3 . The impact of each factor on total efficiency The impact of overall resiliency versus job security is also demonstrated in Fig. 4 . In order to indicate the superiority of the proposed algorithm considering resilience engineering and job security concepts together, the efficiency scores of RE and job security factors are calculated separately, and the results are compared to the combined conceptual model of the presented study. The results are presented in Table 7 . 
Conclusion
Resilience engineering is a relatively new approach toward improving safety and performance critical systems. Also, job security is one of the work motivational factors that plays a significant role in the performance and efficiency of operators. Considering these concepts together can improve the performance and safety of the system significantly.
The efficiency of operators in project management area with respect to resilience engineering and job security was evaluated in this paper. For this purpose, an adaptive intelligent algorithm (ANN) was proposed which calculated the efficiency scores of all DMUs for each factor and determined the impact of factors on total efficiency. A construction site was selected as a case study and data were collected from 35 operators by distributing standard questionnaire.
The sensitivity analysis was performed and the weight of each factor on total efficiency was calculated.
Results showed that five factors namely flexibility, fault-tolerance, preparedness, job security, and awareness have significant impact on the total efficiency of the project. The proposed algorithm is practical for large construction sites. It can be used for improvement of safety and performance by determining the weaknesses and strengths of the system. As a direction for future research, researchers can present an integrated model composed of motivational and resilience engineering factors along with economic indicators of the project, in order to improve both safety and economic performance of the project.
Appendix 2
Raw data collected for each factor 
